
5.0 TRACE METAL CONCENTRATIONS

As noted in the methods section of this report, only the edible parts of individual
fish, oysters and crabs were analyzed, except for fish livers which were
composites of several livers. A complete listing of the resulting data is given in
Appendix B. The data for fish, oyster, and crab edible tissue is averaged for each
of the four sampling sites in Tables 5.1 and 5.2, which also gives an overall
average for each tissue type across the whole bay. This same information is
presented as bar graphs in Figures 5.1 to 5.20. The average fish tissue and liver
values are indicated as a line and the overall site average line is labeled. These
averaged data can be compared to averaged data from other estuaries to get an
overall impression of the trace metal contamination status of Galveston Bay.

When the data are normalized for percent moisture (wet vs dry wt basis), the
averaged oyster trace metal concentrations found during GBNEP are very similar
to those found during the first five years of the NS&T Program discussed earlier
in this report. The only significant difference in the two data sets is the
apparently high Ni and Cr and lower Zn in the GBNEP samples. The higher Ni
and Cr are almost certainly an artifact caused by the homogenization of the
Morgans Point oysters with a stainless steel grinder. Oysters from other GBNEP
sites were not subjected to the grinder and are not enriched in Ni and Cr
compared to NS&T oysters from Galveston Bay and elsewhere in the Gulf of
Mexico. Crabs from Carancahua Reef were also put through the stainless steel
blender and they are also enriched in Ni and Cr, confirming the contamination
caused by the blender.

Oysters collected at Morgans Point for GBNEP were about four times higher in Hg
than those from elsewhere in Galveston Bay and in other Texas Bays (except for
Lavaca Bay where known Hg contamination exists). The NS&T Ship Channel
site, which is near the Morgans Point site, shows a slight Hg enrichment, so the
Morgans Point data might be valid. On the other hand, contamination by the
grinding operation which contaminated the oysters with Ni and Cr cannot be
ruled out because the crabs from Carancahua were also enriched in Hg.

As was noted in the literature review section of this report, Zn concentrations in
oysters collected for NS&T show a relationship to population and
industrialization. That relationship is not as clear for the GBNEP data. Morgans
Point and Eagle Point oysters are richer in Zn than are those from Hanna Reef,
but not those from Carancahua Reef, which is usually considered to be pristine.
The Zn concentration in oysters collected for GBNEP is somewhat less than that
in oysters from the same areas collected for NS&T. For example, GBNEP oysters
from Hanna Reef are about 20% lower in Zn than the NS&T Hanna Reef oysters.
The GBNEP Morgans Point site is about halfway between the NS&T Ship Channel
and Todd's Dump sites. Oysters from Morgans Point are only a little higher in Zn
than those at Todd's Dump and are only about 50% the concentrations found at the
Ship Channel, which, however, varied considerably over the 5 year NS&T
sampling. Carancahua Reef oysters collected for GBNEP were equal to or
enriched in Zn compared to the NS&T oysters from nearby Confederate Reef. No
obvious seasonal effect is evident when comparing the GBNEP and NS&T Zn in
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oyster data; however, it seems likely that Zn contamination at the sites varies over
fairly short time (weeks) and distance (100s of meters) scales and that this
variation is reflected in the Zn content of oysters. No other metal shows such
variations as clearly.

From the discussion above it is obvious that interpretation of data on trace metals
in oyster tissues is not straightforward. Unfortunately, trace metal data in other
organisms is even harder to interpret. Oysters, in contrast to fish, crabs, shrimp,
etc. must stay in one place, are easy to identify and collect in large numbers, and
are good accumulators of added trace metals. Fish, like oyster, are eaten by man,
but it is difficult to collect a large enough number of a given species at a given
location to be sure of having a statistically valid sample. Also fish do not
accumulate most trace metals to the extent oysters do, as can be seen by the
concentrations in Table 5.1 and by literature values (e.g., Eisler, 1981). Because
fish do not accumulate most trace metals readily, they do not readily respond to
added trace metals in the environment. For example, Jenkins et al. (1982)
collected benthic fish near, and at some distance from, a major southern
California sewage outfall, but could find little difference in trace metal
concentrations in the fish flesh. This result occurred in spite of sediment
concentrations hundreds of times higher near the outfall. A similar conclusion
was reached by Ginn and Barrick (1988) who studied areas near and far from
industrialized embayments in Puget Sound.

Based on the literature discussed above, no strong relationship between trace
metals in fish flesh and proximity to industrialization was expected for the
GBNEP samples and none was found. To be sure, isolated trace metal values
several times higher than average can be seen when the data is plotted as in
Figures 5.1 to Figure 5.20. For example, a high As value was found in a catfish
from Morgans Point, high Hg in a jackfish from Eagle Point and high Pb in a
black drum from Hanna Reef. No significance can be attached to these isolated
high values until more data are available.

The trace metal concentrations in fish tissue averaged for each site show little
variation from place to place in Galveston Bay (Table 5.1). Furthermore, the
averaged values are generally less than those for fish from Puget Sound as
reported by Ginn and Barrick (1988) or from Southern California as reported by
Jenkins et al. (1982). Thus, no localized metal pollution is evident from the fish
data.

Fish livers are generally much higher in trace metals (except for Hg) than are
fish tissues, as can be seen in Figures 5.1 to Figures 5.20, and are highly variable
from species to species and from place to place. For example, Ag values several
fold higher than average were found in a mullet from Morgans Point,
sheepsheads from Eagle Point and Carancahua and a black drum from
Carancahua. Very high As was found in a shark liver from Carancahua and
very high Cd in a sheepshead from the same location. A mullet liver from
Morgans Point was more than 10 times higher than average in Cu. What do
these isolated anomalous values mean? Only that individual fish vary in their
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response to trace metals in the environment and probably in their exposure
history.

This observation is confirmed by the trace metal in fish liver data being collected
by the NOAA "Benthic Surveillance" program (NOAA, 1987). The 1984 data for
this program shows the same ten-fold or more variability shown by the GBNEP
data. A mullet collected at Morgans Point for GBNEP had higher liver Cu and Se
than any sample collected for NOAA in 1984, but for other metals several of the
NOAA samples were higher than any of the GBNEP samples. The NOAA
program is continuing to provide data and to look for links between fish liver trace
metals and activities of man (pollution), but the task is not easy.

For several metals, concentrations in crab tissue are intermediate between that in
fish muscle and oyster tissue. Very high Ag, higher than that in any other
organism, was found in crabs from Carancahua Reef. Cd was high in crabs from
Hanna Reef, and Ni and Cr were high at Carancahua Reef. The Ni and Cr are
almost certainly artifacts due to sample preparation (grinding in a stainless steel
blender) but we have no explanation for the other high values. As with isolated
high trace metals in fish, the values in crabs could be due to either differences in
accumulating ability by different individual organism and/or individual
organism's different exposure histories.

67



Table 5.1 Galveston Bay National Estuary Program Average 1991 Trace Metal Data. All Values ppm (mg/g) Wet Weight.
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Table 5.2 Summary of Trace Metal Concentrations (dry weight)
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Table 5.2 continued



Table 5.2 continued



72

Table 5.2 continued



Figure 5.1. Silver concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Morgans Point and Eagle Point.
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Figure 5.2. 
Silver concentrations (ppm

) in oysters, crabs, fish tissue, and fish livers from
H

anna R
eef and C

arancahua R
eef.
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Figure 5.3. 
A

rsenic concentrations (ppm
) in oysters, crabs, fish tissue, and fish livers from

M
organs Point and E

agle Point.
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Figure 5.4. Arsenic concentrations (pprri) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 5.5. 
C

adm
ium

 concentrations (ppm
) in oysters, crabs, fish tissue, and fish livers from

M
organs Point and Eagle Point.
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Figure 5.6. Cadmium concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.

78



Figure 5.7. Chromium concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Morgans Point and Eagle Point.
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Figure 5.8. 
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) in oysters, crabs, fish tissue, and fish livers from
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Figure 5.9. Copper concentrations (ppm) in oysters, crabs, fish tissue, and fish livers fr
Morgans Point and Eagle Point.
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Figure 5.10. Copper concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 5.11. 
M

ercury concentrations (ppm
) in oysters, crabs, fish tissue, and fish livers from
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organs Point and E

agle Point.
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Figure 5.12. Mercury concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 5.13. 
N

ickel concentrations (ppm
) in oysters, crabs, fish tissue, and fish livers from

M
organs Point and E

agle Point.
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Figure 5.14. Nickel concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 5.15. Lead concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Morgans Point and Eagle Point.
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Figure 5.16. Lead concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 5.17. 
Selenium

 concentrations (ppm
) in oysters, crabs, fish tissue, and fish livers from

M
organs Point and E

agle Point.

89



Figure 5.18. Selenium concentrations (ppm) in oysters, crabs, fish tissue, and fish livers from
Hanna Reef and Carancahua Reef.
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Figure 5.19. 
Z

inc concentrations (ppm
) in oysters, crabs, fish tissue, and fish livers from

M
organs Point and E

agle Point.
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Figure 5.20. 
Z

inc concentrations (ppm
) in oysters, crabs, fish tissue, and fish livers from
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anna R
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